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ABSTRACT: Mungbean [Vigna radiata (L.) R.Wilczek] is an important grain legume crop, grown mainly in
South Asian countries, which offers many nutritional and economic benefits. Plant breeding and genetic
engineering, have a great potential to increase productivity in general and also to increase nutritional
values in different plant parts such as grains, roots and tubers. Mungbean is one of the crops that can be
targeted for improvement of micronutrient content. It is consumed in large parts of the developing world,
especially in Asia. Increasing the content of micronutrients is only useful if the bioavailability of these
micronutrients is good; this depends among others on the concentration of inhibitors such as phytic acids
(PA) and phenol compounds. This review advocates the necessity of genetic improvement of mungbean,
emphasizing on increasing the levels of micronutrients, particularly iron and zinc through a multidisciplinary team approach including: genetic improvement, bioavailability and social awareness. The
monotonous consumption of cereals in vegetarian populations leads to malnutrition and hence, overall
deterioration in the health status of many people in the developing world. Therefore, combining breeding
with good processing methods and making people aware about improved varieties available on the
market further helps in improving their health status.
KEYWORDS: Genetic Improvement, Phytic Acid, Iron, Mungbean, Malnutrition, Multidiscipline, Zinc.
INTRODUCTION
The global population, which reached 7 billion in
2012, is estimated to increase to 8.3 billion in
2020; the developing world contributes most to
this increase (Miflin, 2000). Plant breeding
effectively contributed in preventing massive
starvation by increasing the production of staple
food such as rice and wheat during the green
revolution in the 1960’s. However, this resulted
in the negligence of breeding efforts in a large
number of other crops which are nutritionally
important. Monotonous consumption of cereals,
in absence of, for instance animal tissue and
pulses, leads to deterioration in the overall
nutritional status (Zimmermann and Hurrell,
2002). According to the World Health
Organization (WHO, 2008), more than 2 billion
people worldwide, including women, children,
the middle-aged, and the elderly are suffering
from vitamin and mineral deficiencies, primarily
iodine, iron, vitamin A and zinc (Allen et al.,
2006). For instance, two billion people - over 30
percent of the world’s population - are anemic,
mainly due to iron deficiency and this is still
rising in an alarming rate among poor women
and children below the age of 5 (World hunger

facts, 2011). Iron deficiency also leads to anemia
that is already affecting over half a billion people
worldwide. Zn is also an important trace
element and it is estimated that over 30% of the
world population has a Zn deficiency. Zn is
required for functioning of immune system,
protein synthesis, cell reproduction and wound
healing; furthermore it plays a major role in
fertility and conception. During the 20th century,
conventional plant breeding resulted in
increased yields and harvest stability. Major
research objectives in the past few decades have
concentrated on increasing resistance to
environmental stresses, pests and pathogens
(Borlaug, 2000; Zimmermann and Hurrell,
2002). But simply providing more food will not
completely solve the problem of incomplete
diets, therefore focus should be set on the
quality and diversity of crops (e.g., Munger,
1988; Quebedeaux and Bliss, 1988; Quebedeaux
and Eisa, 1990). Pulses are nutritionally as well
as economically very important to vegetarians
and poor people worldwide and efforts are being
made for the development of high yielding
varieties of pulses such as mungbeans (Khattak
et al., 2006). Despite the nutritional importance
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----------------------------------------------------------------------------------------------------------------------------- ----------of mungbean Vigna radiata (L.) R. Wilczek,
Mbp) (Prakit and Srinives, 2007). In India,
limited research has been conducted to further
mungbean occupies about 3 million ha, with a
improve its nutritional properties. One solution
production of 1.42 million tons (Singh and
to micronutrient deficiency in the vegetarian
Ahlawat, 2005; Table 1). The total production of
diet could be higher consumption of pulses with
dry beans (including Phaseolus and Vigna spp.)
enhanced levels of Fe and Zn.
was stagnant over the past 20 years except in
The genus Vigna is pantropical and includes
Nepal, Pakistan and Myanmar where production
about 170 species, 120 from Africa, 22 from the
increased. In India, the consumption pattern of
Indian continent and Southeast Asia, and the rest
mungbean depends strongly on income and
from other parts of the world. Mungbean, also
price. Forty percent of all households consume
known as green gram, belongs to the subgenus
mungbeans and on average, households
Ceratotropis and is an important crop among
consume 110 g per month. About 15% of the
legumes. Mungbean is diploid with 2n=22 and it
money spend to buy pulses is for buying
has a small genome size of 0.60 pg/1C (579
mungbeans (Vijayalakshmi et al., 2003).
Table 1 Area, yield and average growth rate of dry beans (including Phaseolus and Vigna spp.) in South
Asian countries (2001)
Annual growth rates
Area
Countries
Yield (kg/ha)
Area
Yield
Production
(1000 ha)
(%)
(%)
(%)
Bangladesh
84
680.4
-2.4
0.4
-2.0
India
7100
362.0
-1.1
0.6
-0.5
Nepal
39
693.0
3.1
0.6
3.7
Pakistan
219
476.7
2.4
-0.4
2.0
Sri Lanka
27
512.2
-1.1
-2.0
-3.1
South Asia
7,469
317.2
-1.0
0.6
-0.4
FAOSTAT, (2002)
Growing mungbean improves the soil because it
fixes atmospheric nitrogen with the help of
Rhizobium. This partially replaces the use of
inorganic fertilizers (Safdar et al., 2005). The
benefits of legumes to soil nitrogen fertility have
been reported for various cropping systems
(Ahmad et al., 2001). The economic impact of
mungbean as a nitrogen fixer was described by
Arif and Malik, (2009). They showed that the
highest gross and net benefits were achieved by
intercropping mungbean and groundnut.
As mungbean offers many nutritional and
economic benefits and is a good source of
protein, breeding efforts should concentrate on
enhancing micronutrient levels (Fe and Zn).

Therefore this review focuses on breeding crops
particularly mungbean, which relatively can
prove helpful in solving the problem of iron and
zinc deficiency.
1.1. Nutritional importance of micronutrients (Fe
and Zn) and proteins
Fe and Zn are essential nutrients for normal
functioning of humans (Table 2). Their
concentrations can be too low due to insufficient
uptake
or
insufficient
bioavailability.
Bioavailability can be enhanced by specific
promoters like ascorbate (vitamin C), β-carotene
(pro-vitamin A), protein cysteine and various
organic and amino acids (Table 3).

Table 2: Some of the essential functions of micronutrients (Fe & Zn) in plants, animals and humans
Prevalence of
Elements
Plant
Animal and Human
Deficiency
i. Constituent of several
i. Functions as anti-oxidant and is
enzymes
involved in biochemical reactions
ii. Plays essential role in DNA
ii. Acts as catalyst for the enzymes
transcription
involved in cell growth. It is
High in
iii. Maintains the integrity of
important in metabolism of
Zinc
developing
membranes and is involved in
Vitamin A and collagen
world
pollen formation
iii. Essential for DNA function and
iv. Regulating auxin synthesis
involved in regulation of gene
and thus preventing diseases
transcription
like “little leaf”.
iv. Zn is essential in protein synthesis,
v. As in animals, Zncell division and growth.
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v. Reproduction and neurological
fingers play a role in plants
function.
vi. Zn-metalloenzymes and Zn-fingers
play a role in folding of proteins
i. Cytochromes and
metalloenzymes.
ii. Necessary in photosynthesis,
iii. Involved in nitrogen
i. Fe is a constituent of hemoglobin
metabolism as it is part of
and myoglobin which are essential
enzyme nitrogenase
components for storing and
iv. Iron is also part of the enzyme
diffusing oxygen
Iron
2 billion
leg-heamoglobin (role in
ii.
Important for neurological
nitrogen fixation)
functioning and development
v. Prevents plants from severe
iii.
Involved in redox reaction
physiological disorders like
and thus responsible for cellular
necrosis and chlorosis
growth
vi. Heme is essential component
of cytochrome protein and
thus mediates redox reactions
Source: Srivastava and Gupta, (1996)
Element
Fe (mg)

Zn (mg)

Table 3: Inhibitors and enhancers of iron and zinc bioavailability
RDA
RNI
UL
SUL
Inhibitors
Enhancer
Phytate, tannins,
Phytoferritin, riboflavin,
oxalate, fiber,
ascorbate,
8.0-18.0
11.4
45.0
17.0 hemaglutinins
b-carotene, cysteine,
histidine, lysine,
fumarate, malate, citrate
Phytate, tannins,
Phytoferritin, riboflavin,
fiber,
ascorbate,
8.0-11.0
9.5
40.0
25.0 hemaglutinins
b-carotene, cysteine,
histidine, lysine,
fumarate, malate, citrate

Source: White and Broadley, (2005). The US recommended daily allowances (RDA, or adequate intakes), the UK guidance daily
reference nutrient intakes (RNI), the US tolerable upper intake levels (UL), and the UK guidance safe upper levels (SUL) for adults.

Ironically, the spread of micronutrient deficiency
is related to the spread of high-yielding rice,
wheat and maize varieties during the first phase
of green revolution. These varieties are generally
low in micronutrients, but also have displaced a
variety of crops grown previously, such as

pulses, vegetables and fruits which used to
prevent a lack of micronutrients (Roozendaal,
1996). Micronutrient malnutrition affects
primarily the underprivileged population (Table
4) (Buyckx, 1993; Ramalingaswami, 1995).

Table 4: Effect of micronutrient deficiency on human health at different stages of life
Age Group/ Stage
Effect over health
i. High mortality rate
<5
ii. Low birth weight
iii. Impaired mental development
i. Growth is stunted
ii. Reduced mental growth
5-11
iii. Less active & susceptible to diseases
iv. Delayed sexual development
i. Physically and mentally less active
ii. Delayed puberty in adolescents
12-17
iii. May become anemic
iv. Poor immune system
i. Anemic, sometimes reach to pernicious anemia stage
18-50
ii. Give birth to low weight babies
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i. Retinal detachment
>50
ii. Susceptible to many diseases
iii. Diminished wound healing
Source: ACC/SCN, (2000)
Iron (Fe)
In humans the uptake and absorption of iron is
complex and depends on many factors. There
are two forms of Fe in food: non-heme Fe and
heme Fe. The heme Fe is mainly present in
animal tissue, has a high bioavailability and is
weakly influenced by other factors present in
diets while the non-heme Fe comes from
vegetables and legumes and its absorption
depends on various dietary components (Lopez
and Martos, 2004). Many people in poor regions
of the world consume low amounts of animal
tissue and rely almost entirely on non-heme Fe.
Breeding can play a vital role in lowering iron
deficiency in the world by increasing the
concentration of these micronutrients in edible
tissues. For example, a rice variety has been
developed with four times higher iron content
than any normal variety (Haas et al., 2005). A
similar effort should be made in developing
high-level micronutrient legumes and seeds
(Pennington and Young, 1990). The combination
with high protein content is essential in fighting
against protein energy malnutrition (PEM) and
micronutrient malnutrition.
Zinc (Zn)
Zinc is the second most abundant element in
organisms. It stabilizes the structure of the
membranes
and
cellular
components
(http://www.ctds.info/zinc1.html) and it is an
essential component of a large number of Zndependent enzymes. It also plays a major role in
gene expression (Sandstrom, 1997). Deficiency
of Zn in human reduces growth, sexual maturity
and weakens the immune defense system
(Prased, 1996). About 70% of Zn in the US diet is
provided by animal products (Sanstead, 1995).
However, in many parts of the developing world
this is not the case, here most Zn is provided by
cereals and legume seeds. However, these plants
also have high concentrations of phytic acid,
which is a potent inhibitor of Zn absorption
(Navert et al., 1985). Marginal Zn deficiency (1012 mg/ day) in humans may be wide spread, but
remains unnoticed because there is no
established clinical method for determining
marginal Zn deficiency in humans (Endre et al.,
1990; Larsen, 1997; Shrimpton, 1993; Welch
and Graham, 2002).
Zn deficiency in plants can be caused by Zn
deficiency in soils (Cakmak, 2002; Nube and

Voortman, 2006) and about 50% of the
agricultural soil in India is Zn deficient (Gupta,
2005). Zn deficiency became more prevalent
during the green revolution which involved
heavy use of soil for the cultivation of crops such
as rice. The lowest Zn concentrations in India are
in the soils of Haryana and Madhya Pradesh
(Gupta, 2005) and a correlation was observed
between low soil Zn content and the occurrence
of human Zn deficiency (Pathak et al., 2003).
Low Zn level can be overcome by adding Zn to
the soil. It has been shown that Zn increase in
the soil leads to Zn increase in grains (Rengel et
al., 1999). However, whether adding Zn in soils
can lead to enough increase in levels of Zn in the
plants to prevent human Zn deficiency is still
questionable (Cakmak, 2002; Welch, 2002;
Slaton, 2005).
MICRONUTRIENTS ASSIMILATION
MECHANISMS IN PLANTS
Plants get their minerals from the soil. The
process of micronutrient uptake, accumulation
and their regulation is a dynamic process that
should avoid deficiency or toxicity in the plant.
This process is dependent on various factors like
transporters within the plant, genotype of the
plant and the environment (soil). To start a
successful breeding program there is the
necessity
to
understand
physiological
mechanisms of micronutrient absorption,
translocation, remobilization in leaves and retranslocation into seeds.
About 80% of the Fe is stored in chloroplasts
and this accumulation is developmentally
controlled. In roots some essential proteins and
enzymes like leg-hemoglobin and nitrogenase
are required for iron accumulation (Kaiser et al.,
2003). Plants can also uptake elements in
gaseous or ions forms through their stomata and
cuticles. Cations like Fe2+ can be absorbed by the
plants in gaseous forms with the help of
ectodesmeta i.e. non-plasmic channels in the
leaves (Prasad, 2007).
2.1. Zinc accumulation in plants
Two mechanisms are functionally active in
heavy metal uptake (i) energy independent nonmetabolic uptake and (ii) energy dependent
metabolic uptake. In the first mechanism Zn is
taken across the plasma membrane of root cells
as Zn2+ or as a Zn-phytosiderophore complex
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In mechanism I, the Fe3+ present in the soil is
2+
place through calcium (Ca ) channels using
chelated by phenolic compounds secreted by the
energy (ATP).
roots; this reduces Fe3+ to Fe2+ with the enzyme,
Along with these two mechanisms several
ferric reductase. Further, IRTs (iron regulated
transporter gene families play a role in Zn+
transporters) help in Fe2+ uptake and IRT1 is the
uptake and accumulation. One of the most
major root plasma membrane transporter. Iron
important is the ZIP family (Palmgren et al.,
uptake is regulated by signals from the shoot
2008). Other transporter families involved in Zn
when there is an iron deficiency. The nature of
accumulation and transport include P-type
these signals is still unknown (Vert et al., 2003).
(Monchy et al., 2007), ATPase-HMA (ATP
Once iron is taken up by roots using active roots
dependent High metal accumulator), MATE
transporters, it is translocated via the xylem sap
(multi drug and toxic compound extrusion)
to aerial parts (Elizabeth and Jean, 2004). The
(Durrett et al., 2007), OPT (oligo-peptide
flow of iron from source to acceptor tissues via
transporter). Besides these gene families, cation
phloem sap and the sub-cellular distribution is
diffusion facilitators (CDFs) or MTPs (metal
poorly understood and documented. Seed is a
transporter proteins) are involved in transport
store-house of food and nutrients and for
of Zn+ from cytoplasm to the vacuoles and the
obtaining high micronutrient levels it is
endoplasmic reticulum. MTP1 is highly
important to understand the overall signalling
expressed in both roots and shoots (Verbruggen
networks involved in accumulation of these
et al., 2009). The CaCA (Ca2+/cation antiporter)
metals in the various organs and at different
super-family is thought to play a role in Zn2+
stages of development (Curie and Brieat, 2003).
vacuolar storage via Zn2+/H+ exchange (Shaul et
al., 1999). ZIPs, MTPs, HMAs, CaCA, APCS had
IRON AND ZINC BIOAVAILABILITY AND
high expression levels in those plants which
BIOFORTIFICATION
hyper accumulate Zn2+ (White et al., 2009) and
3.1. Bioavailability of Fe & Zn in a vegetarian diet
can be targets for breeding.
Generally the vegetarian diet contains equal
amounts of iron as a non-vegetarian diet but in
2.2. Iron accumulation in plants
the vegetarian diet the micronutrients have a
Iron, which is widely distributed in the
lower bio-availability (Hunt 2003). The chemical
lithosphere, is taken up by plants in two
form (heme and non-heme) of iron is an
different ways: mechanism I (non-graminacious
important factor affecting the iron availability of
species) and mechanism II (cereals and grasses).
vegetarian diets (Table 5).
Diet
Red meat supply
Fish & Poultry
Vegetarian diet

Table 5: Bioavailability of iron from different food sources
Iron forms
Bioavailability
Reference
10-12% of total iron is
15-40%
Hunt and Roughead, (1999)
of heme form
Heme concentration
lower than non1-15%
Monsen et al., (1978)
vegetarian diet
Non-heme
Roughead and Hunt, (2000)

As legumes have good concentrations of Fe and
Zn, their inclusion in diets is desirable (Table 6).
But some diets alter or enhance the
bioavailability of micronutrients because of antinutrients and promoters. Plant diets are high in
phytates (6-phosphoinositol) and polyphenols,
such as tannins which inhibit absorption of iron
and zinc (Holm, 2002). Phytic acid binds
essential micronutrients and also forms
complexes with micronutrients of other foods
during intestinal digestion. These complexes are
not absorbed and result in low bioavailability.
The concentration of these anti-nutrients varies
greatly between varieties and is usually high in
seeds and grains. Low phytate mutants (lpa) are
known in major crops and legumes like rice (O.

sativa L.), wheat (T. aestivum L.), common bean
(P. vulgaris L.) and soybean (Glycine max L.)
(Thavarajah et al., 2010; Campion et al., 2009;
Guttieri et al., 2006; White and Broadley, 2005).
Lower levels of anti-nutrients indirectly results
in a higher bioavailability.
Zinc bioavailability in a vegetarian diet is lower.
Food, rich in zinc and protein, like legumes,
whole grains etc. (Sandstrom et al., 1980) are
needed despite their high phytate content.
Overall there is a positive zinc balance (Johnson
and Walker, 1992; Hunt, 2003).
3.2. Biofortification using plant breeding and
biotechnology
In order to increase the concentration of
micronutrients in edible tissue like seed, two
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(Neue et al., 1998; Lind et al., 2003; Berger et al.,
mineral fertilization and improvement in
2006). Therefore it is good to use Fe-chelates
mobilization of these minerals in the soil.
and Zn-chelates as soil fertilizers. Especially in
Micronutrients can be added to the soil or
the case of high concentrations of phosphate in
sprayed on the leaves. For example, although
soils because they strongly reduce Zn availability
there is a fair amount of Fe in soils little is
(Marschner, 1995).
available and Zn, Fe and Mg compete for uptake
Table 6: Variation in concentration of micronutrients
Fe (mg kg-1)
Zn (mg kg-1)
Legume
References
(max-min)*
(max-min)*
Bean (P. vulgaris)
35-92
21-59
Islam et al., (2002)
Pea (P. sativum)
23-105
16-107
Grusak and Cakmak, (2005)
Soybean (G. max)
59-83
Raboy et al., (1984)
Chickpea (C. arientinum)
24-41
35-60
Haq et al., (2007)
Mungbean (V. radiata)
15-92
15-38
This thesis
Lentils (L. culinaris L.)
114
65
Thavarajah et al., (2010)
*range of concentration from minimum to maximum
CURRENT STATUS OF MUNGBEAN RESEARCH
The cereal-cereal based cropping system pushed
mungbean production to more marginal
environments. Despite mungbean’s productivity
and nutritional benefits, its production was
either stagnant or decreasing. Disadvantages of
growing mungbeans are lack of good quality
seed, unfamiliarity with good management
practices and susceptibility to various diseases
especially mungbean yellow mosaic virus
(MYMV). Furthermore growing mungbeans is
labour-intensive
and
low-yielding.
But
nowadays the potential of mungbean to supply
protein and to provide farmers with an incomegenerating
opportunity
are
recognized
(Shanmugasundaram, 2006). The efforts are
now aimed at solving the major constraints
limiting mungbean production and also to
improve its nutritional composition.
In several South Asian countries like India, SriLanka, Bangladesh and Pakistan research on
mungbean is being conducted (Vijayalakshmi et
al., 2003). Recently, attention has been focused
on developing nutritionally enriched varieties. In
order to identify beneficial alleles of relevant
genes in mungbean, genetic diversity within the
available germplasm needs to be studied.
Genetic diversity studies in mungbean have been
carried out by Santalla et al., (1998); Lakhanpaul
et al., (2000); Cheng and Yang, (2001); Afzal and
Shamugasudaram, (2004) and Betal et al.,
(2004). High levels of polymorphisms were
found by Chattopadhyay et al., (2005) using
ISSRs and by Dieu and Le, (2005) using RAPDs.
Microsatellites (Gwag et al., 2006) gave similar
results. SSRs developed in other pulse crops like
common beans and cowpea can be used in
mungbean. Similarly, RFLP probes from common
beans, cowpea and soybeans have been used in

mungbean research (Prakit and Srinives, 2007).
Comparative genomics between V. radiata with
V. unguiculata and P.vulgaris showed that there
were conserved blocks of considerable size with
some genes for important traits (Fatokun et al.,
1993; Menacio-Hautea et al., 1993). Six
molecular linkage maps of mungbean using F 2 or
recombinant inbred lines (RILs) were published.
These maps differ in length (737.9-1570 cM),
number of markers (102-255 markers) and
number of linkage groups (Prakit and Srinives,
2007). In mungbean QTLs for major traits such
as insect and disease resistance (Lambridges et
al., 1999) and seed-related characters (Humphry
et al., 2005) have been identified.
CURRENT STATUS OF BREEDING EFFORTS
FOR INCREASING MICRONUTRIENT CONTENT
Breeding for improved mineral content is quite
complicated because the effects of individual loci
are small and difficult to identify (Maldonado et
al., 2003). It was shown in common beans that
wild varieties can have a higher ability to
accumulate iron (71-280 mg kg-1 compared to a
mean Fe content of 100 mg kg-1 in cultivated
varieties) and Zn (24-38mg kg-1 compared to 17
mg kg-1) (Maldonado et al., 2000). Maldonado et
al., (2003) did a QTL mapping study and
identified QTLs for seed mass, Fe, Zn, and Ca
concentration. They identified two unlinked
QTLs for iron content and one for Zn content.
The two QTLs associated with Fe content
explained ~ 25% of variance whereas Zn QTL
explained 15% of the variance. Gelin et al.,
(2007) found a QTL in a RIL population for Zn
concentration and a marker assisted breeding
program resulted in an increase in Zn content by
11.7% resp. 15.3%. Zn content was not
associated with iron content and higher levels of
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was initiated in USA in early 1990s and later on
studies show that higher Zn concentrations in
more molecular and field work was started in
the seed can be caused by only of a single
countries like Canada, India, Thailand, Australia,
dominant gene (Singh and Westermann, 2002;
Japan, Taiwan etc. In countries like Canada, there
Cichy et al., 2005). Improving seed Zn
has been a constant interest in developing
accumulation through plant breeding efforts
mungbean as a potential pulse crop. Park and
should be possible. Gelin et al., (2007) described
Anderson, (1977) developed and evaluated
a single QTL for seed Zn concentration which
mungbean cultivars under Canadian conditions.
explained 17.8% of the variability. They
developed a recombinant inbred population and
A MULTI-DISCIPLINARY TEAM APPROACH
found the QTL responsible for improved Zn
Most of the research is now being concentrated
accumulation in bean to be located on linkage
in the area of increasing the micronutrient
group 9. In common bean the genetic variability
content in the edible parts of plants species
can result in an 80% increase of the iron content
including grain legumes, but other barriers like
and 50% of the Zn content. No QTLs for iron and
bioavailability of the micronutrients, impact of
zinc content are described yet in mungbean.
these high nutrients varieties on humans,
Identification of any molecular marker for high
acceptability of a particular micronutrient dense
iron and zinc will allow marker assisted
crop etc. can only be tackled in an
selection (MAS) for the improvement of these
interdisciplinary way. Phytic acid to iron (PA:
important micronutrients in mungbean.
Fe) molar ratio is an index of iron bioavailability.
Beebe et al., (1999) found seven QTLs for iron
Relatively high phytic acid to iron molar ratio
content and QTLs for Zn content on almost all
results in a low iron bioavailability and vicechromosomes in common beans. Researchers at
versa
(Karunaratne,
2008).
Thus,
CIAT, found a highly significant positive
breeding/molecular techniques should be used
correlation of 0.52 between Fe and Zn
to lower the level of the anti-nutrients like PA
concentration in 1000 accessions (Welch and
(Sandberg, 2002).This strategy has already been
Graham, 2004). This positive correlation was
used successfully in improving the nutritional
confirmed in ninety other genotypes (Tryphone
status of maize grown for animal feed. To
and Masolla, 2010). Thus, genetic factors for
increase the acceptability of micronutrient
increasing Fe and Zn might be pleiotropic or coenriched legumes attention should be given to
segregating. To understand the mode of action of
its sensory aspect. In India, a high yielding
genes involved in the mineral uptake and
variety was rejected just because its taste was
cellular import and export and intracellular
not acceptable by the consumers (Shobha et al.,
sequestration these genes have to be identified
2006). So the taste should be improved or
and to be studied thoroughly. With enough
people should get acquainted with other
knowledge about the involved genes genetic
household processing methods (resulting in a
modification might also play a role in the future
different taste). Improved techniques to prepare
in increasing micronutrient content in edible
local dishes can also improve iron and other
parts of the mungbean crop (Ghandilyan et al.,
nutrients bioavailability. Finally, the whole chain
2006) for instance by over-expressing of some of
should be studied to make the people aware
the key genes. For both Fe and Zn seed
about the benefits of mungbean.
concentrations in beans; there were significant
In order to make farmers aware about the
location and location x genotype effects,
benefits of growing pulses, the public sector
demonstrating that environments influence the
should initiate extension and development
concentrations of Fe and Zn (Gregorio, 2001;
programs which involve stake-holders such as
Beebe et al., 1999).
producers, processers, nutritionists. Figure 1
shows some pictures of the effort that was made
STATUS OF MUNGBEANS: IN DEVELOPED
to aware farmers about the benefits of
WORLD
mungbean. Farmers were also involved in
In many parts of the developed world,
development of a mungbean variety in the
mungbean is used in sprouted form as a salad
ongoing project Telfun (www.telfun.info).
vegetable or for cooking purposes. The area of
mungbean production in the developed world is
increasing day by day. Presently in USA it is
50,000 ha and in Australia about 40,000 ha
(Weinberger, 2003). Extensive research is
required on quality traits such as sprouting
quality and protein quantity. Mungbean research
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objective. Secondly, investigations are required
to check the bioavailability of these
micronutrients by modernizing the indigenous
techniques and/or developing new techniques.
Thirdly how much these fortified legumes can
elevate Fe and Zn deficiency especially among
women and children in the developing world.
Fourthly, socioeconomic studies with farmers,
consumers and processors are required to check
the acceptance of the resulting products. And
finally, the farmers should be involved in the
study so that, they can be updated from time to
time about new varieties and crop.

Figure 1: Involvement of farmers in mung bean
development programme under project TELFUN
(Source: www.telfun.info)
Maximum efficacy will occur when alliances are
formed between breeders improving the
micronutrient content), food scientists and
nutritionists, who can alter the ratio of
enhancers to inhibitors of bioavailability in
recipes consumed, and the social scientists will
help in bringing awareness to the people about
new techniques and products available in the
market. In this way the whole chain can be
strengthened, from on-farm research and
development leading to empowering end-users,
and enhance the technology adaptation and
utilization. It is important to recognize the
perspective of indigenous people which plays a
significant role in acceptance of varieties.
CONCLUSIONS AND FUTURE PERSPECTIVES
Although, very low amounts of micronutrients
(Fe, Zn etc) are required in a diet, they all play a
very important role in human physiology. Plant
breeding in general focuses more on increasing
yield and disease resistance. Now the time has
come to improve micronutrient concentrations
in legumes. Developing cultivars with higher
capacity to accumulate Fe and Zn will contribute
significantly to the improvement of the
micronutrient status of people. In order to
achieve this objective scientists have to first
understand the genetics of high micronutrient
traits and formulate a breeding strategy for
improving micronutrient density in the edible
parts of the crops. Application of modern
techniques in the breeding process can fasten

CONCLUSION
 The nutritional importance of legumes has to
be recognized.
 Adequate genetic variation is present in the
legume germplasm. High micronutrient
content is positively correlated with yield.
 Anti-nutrient factors should be minimized to
maximize the micronutrients bioavailability.
 Nutritional genomics and biotechnology
research can complement conventional
breeding to improve breeding efficiency.
 A
combined
effort
involving
a
multidisciplinary approach and preferably in
different countries should lead to more
nutritional balance of the people.
ACKNOWLEDGMENTS
I am grateful to Dr Manjula Bandara, crop
diversification centre, agriculture and rural
development, South Alberta, for valuable
additions and suggestions in this review. This
work is part of Telfun project (www.telfun.info).
REFERENCES
ACC/SCN. Fourth Report on the World Nutrition
Situation, Geneva: ACC/SCN in collaboration
with the International Food Policy Research
Institute 2000.
Afzal MA, Shamugasudaram S. Random amplified
polymorphic DNA (RAPD) analysis of
selected mungbean (Vigna radiata L. Wilczek)
cultivars. Asian Journal of Plant Science
2004;3(1): 20-24.
Ahmad T, Mahmood FY, Malik KA. Residual effect
of nitrogen fixed by mungbean and
blackgram on subsequent rice and wheat
crops. Australian Journal of Experimental
Agriculture 2001;41:245–248
Allen L, Benoist B, Dary O, Hurrell R. Guidelines
on food fortification with micronutrients.
World Health Organization and Food and
Agricultural Organization of the United

436
Singh et al., 2013
----------------------------------------------------------------------------------------------------------------------------- ----------Nations. Geneva: World Health Organization
vasculature is necessary for efficient iron
2006.
translocation.
Plant
Physiology
Arif M, Malik MA. Economic feasibility of
2007;144:197–205.
proposed cropping patterns under different
Elizabeth CT, Jean FC. Plant ferritin and nonsoil moisture regimes of Pothwar plateau.
heme iron nutrition in humans, HarvestPlus
International Journal of Agricultural Biology
Technical Monograph 1, Washington DC and
2009;11(1):27–32.
Cali: International food policy research
Beebe S, Gonzalez AV, Rengifo J. Research on
institute and CIAT 2004.
trace minerals in common bean. Food and
Endre L, Beck FWJ, Prasad AS. The role of Zn in
Nutrition Bulletin 1999;21(4):387-391.
human health. Journal of Trace Elements
Berger J, Ninh NX, Khan NC, Nhien NV, Lien DK,
Experimental Medicine 1990;3:337–375.
Trung NQ, Khoi HH. Efficacy of combined iron
FAOSTAT. FAOSTAT on-line. Rome: United
and Zn supplementation on micronutrient
Nations Food and Agriculture Organization
status and growth in Vietnamese infants.
2002.
European Journal of Clinical Nutrition
Fatokun CA, Danesh D, Young ND, Stewart EL.
2006;60:443-454.
Molecular taxonomic relationship in the
Betal IS, Chaowdhury PR, Kundu S,
genus Vigna based on RFLP analysis.
Raychaudhuri SS. Estimation of genetic
Theoretical
and
Applied
Genetics
variability of Vigna radiata cultivars by RAPD
1993;86:97-104.
analysis. Biologia Plantarum 2004;48(2):205Gelin JR, Forster S, Grafton KF, McClean PE,
209.
Rojas-Cifuentes GA. Analysis of Seed Zn and
Borlaug NE. Ending world hunger. The promise
Other Minerals in a Recombinant Inbred
of biotechnology and the threat of antiscience
Population of Navy Bean (Phaseolus vulgaris
zealotry. Plant Physiology 2000;124:487L.). Crop Science 2007;47:1361-1366.
490.
Ghandilyan A, Vreugdenhill D, Mark G, Aarts M.
Buyckx M. The international community’s
Progress in the genetic understanding of
commitment to combating micronutrient
plant iron and Zn nutrition. Physiologia
deficiencies. Food Nutrition and Agriculture
Plantarum 2006;126:407–417.
1993;7:2–7.
Gregorio GB. Symposium “Plant Breeding: A New
Cakmak I. Plant nutrition research: Priorities to
Tool for Fighting Micronutrient Malnutrition”
meet human needs for food in sustainable
given at the Experimental Biology 2001
ways. Plant and Soil 2002;247:3-24.
meeting, Orlando, Florida. International Food
Campion BS, Doria F, Tagliabue E, Galasso G,
Policy Research Institute, Washington, DC
Fileppi IM. Isolation and characterisation of
2001.
an LPA (low phytic acid) mutant in common
Grusak MA, Cakmak I. Methods to improve the
bean (Phaseolus vulgaris L.). Theoretical and
crop-delivery of minerals to humans and
Applied Genetics 2009;118(6):1211–1221.
livestock. In Plant nutritional genomics. In:
Chattopadhyay K, Ali MN, Sarkar HK, Mandal N,
Broadley MR, White PJ (Eds.). Blackwell
Battacharya S. Diversity analysis by RAPD
Publishing, Oxford 2005;pp:265-286.
and ISSR markers among the selected
Gupta AP. Micronutrient status and fertilizer use
mungbean (Vigna radiata L. Wilczek)
scenario in India. Journal of Trace Elements
genotypes. Indian Journal of Genetics and
in Medicine and Biology 2005;18:325-331.
Plant Breeding 2005;65(3):173-175.
Guttieri MJ, Peterson KM, Souza EJ. Agronomic
Cheng XZ, Yang CV. Study on relationships
performance of low phytic acid wheat. Crop
among species in mungbean group using
Science 2006;46(6):2623–2629.
RAPD markers. Scientia Agricultura Sinica
Gwag JG, Chung HK, Lee JH, Ma KH, Dixit A, Park
2001;34(2):216-218.
YK, Cho EG, Kim TS, Lee SH. Characterization
Cichy KA, Forster S, Grafton KF, Hasfield GL.
of new microsatellite markers in mungbean,
Inheritance of seed Zn Accumulation in navy
Vigna radiata L. Molecular Ecology Notes
bean. Crop Science 2005;45:864-870.
2006;6(4):1132-1134.
Curie C, Brieat JF. Iron transport and signaling in
Haas JD, Beard JL, Murray-Kolb AM, Felix A,
plants. Annual Review of Plant Biology
Gregorio G. Iron bio fortified rice improves
2003;pp:183–206.
the iron stores of non-anaemics Filipino
Dieu TMH, Le TB. Genetic diversity of 57
women. Journal of Nutrition 2005;135:2823mungbean cultivars (Vigna radiata L.) by
2830.
RAPD. Cong nghe sinh hoc 2005;3(1):57-66.
Haq MZ, Shaid I, Ahmed S, Imran M, Niaz A,
Durrett TP, Gassmann W, Rogers EE. The FRD3Bhanger MI. Nutritional and compositional
mediated efflux of citrate into the root
study of Desi chickpea (Cicer arietinum L.)

Genetic Improvement Of Mungbean (Vigna Radiata L)…
437
----------------------------------------------------------------------------------------------------------------------------- ----------cultivars grown in Punjab, Pakistan. Food
in Man and Animals. Proceedings of the Ninth
Chemistry 2007;105:1357-63.
International Symposium on Trace Elements
Holm PB. Transgenic approaches in commonly
in Man and Animals. Eds. PWF. National
consumed cereals to improve iron and zinc
Research Council of Canada, Ottawa
content and bioavailability. Journal of
1997;pp:105–106.
Nutrition 2002;132:514–516.
Lind T, Lonnerdal B, Stenlund H, Ismail D,
Humphry M, Lambrides C, Chapman S, Aitken E,
Seswandhana R, Ekstrom EC, Persson LA. A
Imrie B, Lawn R, McIntyre C,
Liu C.
community-based randomized controlled
Relationships between hard-seededness and
trial of iron and zinc supplementation in
seed weight in mungbean (Vigna radiata)
Indonesian infants: interactions between iron
assessed by QTL analysis. Plant Breeding
and zinc. American Journal of Clinical
2005;124:292-298.
Nutrition 2003;77:883-890.
Hunt JR. Bioavailability of iron, zinc, and other
Lopez MA, Martos FC. Iron availability: an
trace minerals from vegetarian diets.
updated review. International Journal of
American Journal of Clinical Nutrition
Food Sciences and Nutrition 2004;55:597–
2003;78:633S-639S.
606.
Hunt JR, Roughead ZK. Non-heme-iron
Maldonado SHG, Acosta-Gallegos J, Paredesabsorption, fecal ferritin excretion, and blood
López O. Protein and mineral content of a
indexes of iron status in women consuming
novel collection of wild and weedy common
controlled lacto-ovovegetarian diets for 8 wk.
bean (Phaseolus vulgaris L). Journal of the
American Journal of Clinical Nutrition
Science
of
Food
and
Agriculture
1999;69:944–52.
2000;80:1874–1881.
Islam FMA, Basford KE, Jara C, Redden RJ, Beebe
Maldonado SHG, Martínez O, Acosta-Gallegos JA,
SE. Seed compositional and disease
Lara FG, Octavio PL. Putative Quantitative
resistance differences among gene pools in
Trait Loci for Physical and Chemical
cultivated common bean. Genetic Resources
Components of Common Bean. Crop Science
and Crop Evolution 2002;49:285–293.
2003;43:1029-1035
Johnson JM, Walker PM. Zinc and iron utilization
Marschner H. Mineral Nutrition of Higher Plants,
in young women consuming a beef-based
Academic Press, London 1995.
diet. Journal of the American Dietetic
Menancio-Hautea D, Fatokun CA, Kumar L,
Association 1992;92:1474–1478.
Danesh D, Young ND. Comparative genome
Kaiser BN, Moreau S, Castelli J, Thomson R,
analysis of mungbean (Vigna radiata (L.)
Lambert A, Bogliolo S, Puppo A, Day DA. The
Wilczek) and cowpea (V.unguiculata L.) using
soybean NRAMP homologue, GmDMT1, is a
RFLP mapping data. Theoretical and Applied
symbiotic divalent metal transporter capable
Genetics 1993;86:797-810.
of ferrous iron transport. Plant Journal
Miflin B. Crop biotechnology. Plant Physiology
2003;35:295–304.
2000;123:17-28.
Karunaratne AM, Amerasinghe PH, Sadagopa R,
Monchy S, Benotmane MA, Janssen P, Vallaeys T,
Sandstead VM, Perera HH. Zn, Iron and Phytic
Taghavi S, van der Lelie D, Mergeay M.
Acid levels of some popular foods consumed
Plasmids pMOL28 and pMOL30 of
by rural children in Sri Lanka. Journal of Food
Cupriavidus metallidurans are specialized in
Composition and Analysis 2008;21:481-488.
the maximal viable response to heavy metals.
Khattak GSS, Ashraf M, Saeed I, Alam B. A new
Journal of Bacteriology 2007;189:7417–
yielding mungbean (Vigna radiate (L.)
7425.
Wilczek) variety “Ramzan” for the agro
Monsen ER, Hallberg L, Layrisse M. Estimation of
climatic conditions of NWFP. Pakistan
available dietary iron. American Journal of
Journal of Botany 2006;38(2):301-310.
Clinical Nutrition 1978;31:134–41.
Lakhanpaul S, Chadha S, Bhat KV. Radom
Munger HM. Adaptation and breeding of
amplified polymorphic DNA (RAPD) analysis
vegetable crops for improved human health.
in Indian mungbean (Vigna radiata (L.)
In: B. Quebedeaux and F.A. Bliss (eds.).
Wilczek) cultivars. Genetica 2000;109:227Horticulture and human health. Prentice Hall,
234.
Englewood NJ 1988;pp:177–184.
Lambrides CJ, Diatloff AL, Liu CJ, Imrie BC.
Navert B, Sandstrom B, Cederblad A. Reduction
Proceedings of the 11th Australasian Plant
of the phytate content of bran by leavening in
Breeding Conference, Adelaide, Australia
bread and its effect on zinc absorption in
1999.
man. British Journal of Nutrition 1985;53:47Larsen T. Erythrocyte membrane enzymes as
53.
indicators of zinc status. In: Trace Elements

438
Singh et al., 2013
----------------------------------------------------------------------------------------------------------------------------- ----------Neue HU, Quijano C, Senadhira D, Setter T.
Roozendaal GV. Enhancing the Nutritional
Strategies for dealing with micronutrient
Qualities of Crops:
A second Green
disorders and salinity in lowland rice
Revolution? By in biotechnology and
systems. Field Crops Research 1998;56:139development monitor no-29 Dec 1996.
155.
Roughead ZK, Hunt JR. Adaptation in iron
Nube M, Voortman RL. Simultaneously
absorption: iron supplementation reduces
addressing micronutrient deficiencies in
non-heme-iron but not heme-iron absorption
soils, crops, animal and human nutrition:
from food. The American Journal of Clinical
opportunities for higher yields and better
Nutrition 2000;72:982–989.
health
Stichting
Onderzoek
Safdar AM, Riffat A, Sohail S. Enhancing water
Wereldvoedselvoorziening van de Vrije
use efficiency, Nitrogen fixation capacity of
Universiteit. Centre for World Food Studies
mashbean and soil profile nitrate content
2006.
with phosphorous and potassium application.
Palmgren MG, Clemens S, Williams LE, Krämer U,
Pakistan Journal Agronomy 2005;4:340–344.
Borg S, Schjørring JK, Sanders D. Zinc
Sandberg AS. Bioavailability of minerals in
biofortification of cereals: problems and
legumes. British Journal of Nutrition
solutions.
Trends
in
Plant
Science
2002;3:S281-285.
2008;13:464–473.
Sandstrom BA. Bioavailability of zinc. European
Park SJ, Anderson TR. AC Harosprout mungbean.
Journal Clinical Nutrition 1997;51:S17-S19.
Canadian
Journal
of
Plant
Science
Sandstrom BA, Cederblad B, Bjorn-Rasmussen
1977;77:111-112.
AE. Zinc absorption from composite meals, I:
Pathak P, Kapil U, Kapoor SK, Dwivedi SN, Singh
the significance of wheat extraction rate, zinc,
R. Magnitude of zinc deficiency among
calcium, and protein content in meals based
nulliparous nonpregnant women in a rural
on bread. The American Journal of Clinical
community of Haryana State, India, Food and
Nutrition 1980;33:739–45.
Nutrition Bulletin 2003;24:368-371.
Sanstead HH. Is zinc deficiency a public health
Pennington JAT, Young B. Iron, zinc, copper,
problem? Nutrition 1995;11:87-92.
manganese, selenium, and iodine in foods
Santalla M, Power JB, Dave MR. Genetic diversity
from the United States total diet study.
in mungbean germplasm revealed by RAPD
Journal of Food Composition Analysis
markers. Plant Breeding 1998;117(5):4731990;3:166-184.
478.
Prasad MNV. Plant-mineral: macro-and micro
Shanmugasundaram S. Improving income and
nutrients, uptake, functions, deficiency and
nutrition by incorporating mungbean in
toxicity symptoms 2007.
cereal fallows in the Indo-Gangetic Plains of
Prased AS. Zinc deficiency in women, infants and
South Asia, Proceedings of the final workshop
children American Journal of Clinical
and planning meeting, Punjab Agricultural
Nutrition 1996;15:113-120.
University, Ludhiana, Punjab, India. AVRDC
Quebedeaux B, Bliss FA. Horticulture and human
Publication No. 06-682. 342. Shanhua,
health. Contributions of fruits and vegetables.
Taiwan 2006.
Proc 1st Intl Symp Hort human health.
Shaul O, Hilgemann DW, de-Almeida-Engler J,
Prentice Hall, Englewood NJ 1988.
Van Montagu M, Inzé D, Galili G. Cloning and
Quebedeaux B, Eisa HM. Horticulture and human
characterization of a novel Mg(2+)/H(+)
health. Contributions of fruits and vegetables.
exchanger. EMBO Journal 1999;18:3973–
Proc 2nd Intl Symp Hort Human Health Hort
3980.
Science 1990;25:1473–1532.
Shobha RN, Manish KP, Prasad GSV, Sudharshan
Raboy V, Dickinson DB, Below FE. Variation in
I. Historical significance, grain quality
Seed Total Phosphorus, Phytic Acid, Zinc,
features and precision breeding for
Calcium, Magnesium, and Protein among
improvement of export quality basmati
Lines of Glycine max and G. soja. Crop Science
varieties in India. Indian Journal Crop Science
1984;24(3):431-434.
2006;1(1-2): 29-41.
Ramalingaswami V. New global perspectives on
Shrimpton R. Zinc deficiency – is it widespread
overcoming malnutrition. The American
but under recognized? SCN News 1993;9:24–
Journal of Clinical Nutrition 1995;61:259–
27.
263.
Singh DP, Ahlawat IPS. Greengram and
Rengel Z, Batten GD, Crowley DE. Agronomic
blackgram improvement in India: past,
approaches for improving the micronutrient
present and future prospects. Indian Journal
density in edible portions of field crops. Field
Agricultural Science 2005;75:243–50.
Crops Research 1999;60:27-40.

Genetic Improvement Of Mungbean (Vigna Radiata L)…
439
----------------------------------------------------------------------------------------------------------------------------- ----------Singh SP, Westermann DT. A single dominant
magnesium, selenium and iodine. New
gene controlling resistance to soil zinc
Phytologist 2009;182:49–84.
deficiency in common bean. Crop Science
World
Health
Organization.
2002;42:1071–1074.
http://www.who.int/ith/en/ 2008.
Slaton NA, Gbur EE, Wilson CE, Norman RJ. Rice
World Hunger Facts. Why Are People Hungry?
response to granular zinc sources varying in
World
Hunger
Education.
water soluble zinc. Soil Science Society of
http://www.worldhunger.org/articles/Learn
American Journal 2005;69:443-452.
/world%20hunger%20facts%202002.ht
Prakit S, Srinives P. Genome Research in
2011.
Mungbean [Vigna radiata (L.) Wilczek] and
Zimmermann MB, Hurrell RF. Improving iron,
Blackgram [V. mungo (L.) Hepper]. Science
zinc and vitamin A nutrition through plant
Asia 2007;33(1):69-74.
biotechnology.
Current
Opinion
in
Srivastava PC, Gupta UC. Trace Elements in Crop
Biotechnology 2002;13:142–145.
Production. Science Publishers 1996.
Thavarajah D, Thavarajah P, See Chai-Thiam,
Vandenberg A. Phytic acid and Fe and Zn
concentration in lentil (Lens culinaris L.)
seeds is influenced by temperature during
seed filling period. Food Chemistry
2010;122:254-259.
Tryphone GM, Msolla SN. Diversity of common
bean (Phaseolus vulgaris L.) genotypes in
iron and zinc contents under screen house
conditions. African Journal of Agricultural
Research 2010;5(8):738-747.
Verbruggen N, Hermans C, Schat H. Molecular
mechanisms of metal hyper accumulation in
plants. New Phytologist 2009;181:759-776.
Vert G, Briat JF, Curie C. Dual regulation of the
Arabidopsis high-affinity root iron uptake
system by local and long-distance signals.
Plant Physiology 2003;132:796–804.
Vijayalakshmi P, Amirthaveni S, Devadas RP,
Weinberger K, Tsou SCS, Shanmugasundaram
S. Enhanced bioavailability of iron from
mungbeans and its effects on health of school
children. AVRDC Technical Bulletin No. 30
Shanhua, Taiwan 2003.
Welch RM. The impact of mineral nutrients in
food crops on global human health. Plant and
Soil 2002;247:83-90.
Welch RM, Graham RD. Breeding crops for
enhanced micronutrient content. Plant and
Soil 2002;245:205–214.
Welch Ross M, Graham RD. Breeding for
micronutrients in staple food crops from a
human nutrition perspective. Journal of
Experimental Botany 2004;55(396):353-364.
Weinberger K. Impact analysis on mungbean
research in south and south-east Asia. AVRDC
Processing No. 99.9117.5, Shanhua, Taiwan
2003.
White PJ, Broadley MR. Biofortifying crops with
essential mineral elements. Trends in Plant
Science 2005;10:12.
White PJ, Broadley MR. Biofortification of crops
with seven mineral elements often lacking in
human diets–iron, zinc, copper, calcium,

